Several studies have demonstrated that participants who are successful in long-term weight loss maintenance eat a healthier diet, engage in more minutes of moderate-to-vigorous physical activity, and self-monitor weight and/or dietary intake more frequently than nonmaintainers (Elfhag & Rossner, 2005; Look AHEAD Research Group, 2014; Volger et al., 2013) . In the Weight Loss Maintenance (WLM) trial, having a healthy dietary pattern at baseline or an improvement in dietary pattern over the course of the trial was associated with significant weight loss over 36 months (Svetkey et al., 2012) . Also in WLM, increases in consumption of fruits and vegetables, physical activity, and frequent self-weighing mediated the relationship between treatment randomization and less weight regain (Coughlin et al., 2013 ). These studies demonstrate that longterm adherence to healthy behavior recommendations is associated with long-term weight loss maintenance.
Previous research has identified demographic, clinical, behavioral, and psychosocial factors that predict short-and long-term adherence to dietary interventions (Aggarwal, Liao, Allegrante, & Mosca, 2010; Downer et al., 2016; Epstein et al., 2012) . While these studies provide some insight into the predictors of dietary adherence, there may be additional, unexplored factors that predict adherence in lifestyle interventions targeting multiple behavioral changes. Establishing common predictors of long-term adherence to dietary and physical activity guidelines across multiple behavioral lifestyle trials can inform development of tailored interventions that will maximize behavioral adherence and promote sustained weight loss.
The purpose of this study was to apply latent class analysis to data from the WLM and PREMIER trials in order to (1) identify patterns of adherence to behavioral recommendations over 1 year and (2) establish common baseline predictors of patterns of sustained behavioral adherence. This work builds off of our previous application of latent class analysis to these data sets to establish patterns of early behavior change over 6 months, and their association with weight outcomes (Fitzpatrick et al., 2015) . The current study extends this work by examining patterns of dietary and physical activity adherence over 18 months and exploring baseline demographic and psychosocial measures as potential predictors of these patterns.
Method

Data Sources
Detailed descriptions of the WLM and PREMIER trials have been published elsewhere. In brief, WLM was a multicenter, randomized clinical trial comparing two active weight loss maintenance interventions with a self-directed approach among adults with overweight/obesity who were taking medications for hypertension, dyslipidemia, or both . In Phase 1 of WLM, all the 1,685 participants were enrolled in an intensive behavioral lifestyle intervention that consisted of 20 weekly group sessions over 6 months. Participants who lost >4 kg at the end of Phase 1 (N = 1,032) were randomized to one of three maintenance strategies in Phase 2, which lasted for 30 months: (1) Self-Directed, (2) Interactive Technology, or (3) Personal Contact. Although there was weight regain across all three maintenance strategies, the Personal Contact arm, consisting of brief, monthly contacts with an interventionist, provided some benefit for sustaining weight loss in the long term .
PREMIER was a multicenter trial that tested the effects of multicomponent lifestyle interventions among 810 adults with prehypertension or Stage 1 hypertension, who were not taking antihypertensive medication (Appel et al., 2003) . Participants were randomly assigned to one of three conditions: (1) an "Advice only" condition; (2) an "Established" lifestyle intervention that recommended increasing physical activity, reducing sodium consumption, and weight loss for participants with a BMI ≥ 25; or (3) an "Established + DASH" (DASH = Dietary Approaches to Stop Hypertension) intervention that consisted of the Established intervention plus behavioral counseling on the DASH diet (Appel et al., 1997; Karanja et al., 1999) . The two active interventions occurred over 18 months with weekly group meetings in the first 3 months, biweekly meetings in the next 3 months, and monthly meetings thereafter. Participants who were randomized to the Established or Established + DASH conditions had significantly greater weight loss and blood pressure reduction compared with participants in the Advice only condition at 6-and 18-month follow-ups (Appel et al., 2003; Elmer et al., 2006) . There were no significant differences in weight loss between the Established and Established + DASH conditions.
Participants Included in This Analysis
Participants in the WLM and PREMIER trials who received a behavioral lifestyle intervention and had a baseline BMI ≥ 25 kg/m 2 were included in this secondary analysis. For WLM, only participants in Phase 2 (N = 1,032) had behavioral data collected at multiple time points, so only these participants were included. In PREMIER, 506 participants (255 in the Established intervention and 251 in the Established + DASH intervention) with BMI ≥ 25 kg/m 2 were included.
Measures
We used measurements of weight (using a calibrated scale), dietary intake, and physical activity collected at baseline, 6 months, and 18 months in both the trials (Appel et al., 2003; Elmer et al., 2006; Svetkey et al., 2008) . Weight data were also collected at other time points, and dietary intake and physical activity data were collected at the 30-month followup in WLM, but these data were not included in this study. The two trials assessed dietary intake and physical activity differently. In WLM, dietary intake was assessed using the 100-item Block Food Frequency Questionnaire, and physical activity was assessed using accelerometry . In PREMIER, two unannounced 24-hour dietary recalls were conducted by telephone using the multiple pass method, and physical activity was assessed using the 7-day Physical Activity Recall (Appel et al., 2003) . Similar self-report psychosocial measures were administered in both the trials at baseline and were included in this analysis: SF-36™ (Ware & Sherbourne, 1992) ; Social Support and Eating Habits Survey and Social Support and Exercise Survey (Sallis, Grossman, Pinski, Patterson, & Nader, 1987) ; Perceived Stress Scale (PSS; Cohen, Kamarck, & Mermelstein, 1983) ; self-reported previous weight loss attempts; and the Patient Health Questionnaire (PHQ-8; only administered in the WLM; Kroenke, Spitzer, & Williams, 2001) .
Statistical Analysis
Repeated measures latent class analysis (RMLCA; Collins & Lanza, 2010) was applied separately to WLM and PREMIER data to identify distinct patterns of behavioral adherence over 18 months and to examine predictors of these patterns. Longterm behavioral adherence was defined as meeting specific behavioral recommendation(s) at the 6-and 18-month follow-ups. The four behaviors of interest were fruit and vegetable intake, percentage of energy from fat, percentage of energy from saturated fat, and minutes of moderate-to-vigorous physical activity per week. There were specific intervention recommendations for each of these behaviors in each trial (Appel et al., 2003; Hollis et al., 2008) . Participants in WLM and those randomized to the Established + DASH intervention in PREMIER were encouraged to consume 9 to 12 servings of fruits and vegetables per day, less than 25% of energy from fat, and less than 7% energy from saturated fat based on the DASH diet guidelines. Participants in the Established intervention in PREMIER did not have a specific recommendation for fruit and vegetable intake, and the recommendations for fat intake (30% of energy) and saturated fat intake (10% of energy) were based on national guidelines. Since the Established and Established + DASH conditions were combined for the RMLCA of PREMIER, we set the dietary recommendations for fat and saturated fat intake to be less than 25% and less than 7%, respectively. Fewer than 20% of participants in the PREMIER active interventions consumed nine or more servings of fruits and vegetables at each time point (see Table 2 ). Therefore, we set the fruit and vegetable intake recommendation for PREMIER to five or more servings of fruits and vegetables per day, which is consistent with national guidelines (U.S. Department of Agriculture, 1992) . We retained the fruit and vegetable intake recommendation of nine or more servings for the WLM analysis. All conditions in both the trials recommended 180 minutes of moderate-to-vigorous physical activity per week.
Twelve binary variables (yes or no) were created in each data set to indicate whether a participant met each of the four behavioral recommendations at baseline, 6-month, and 18-month follow-up. Latent classes (patterns of behavioral adherence) were based on the pattern of responses (yes or no) across the four behaviors and across time (baseline, 6 months, and 18 months). Latent class prevalence (proportions of individuals who share a similar response pattern across the four behaviors and across time) and item-response probabilities (probabilities of meeting a behavioral recommendation given latent class membership) were estimated (Collins & Lanza, 2010) . Item-response probabilities higher than the marginal (overall) probabilities (Table 2 ) and/or ≥.5 indicated that participants within that class had a high probability of meeting the recommendation.
RMLCA with 1 to 7 classes were estimated for each data set. Several fit indices and criteria were examined to aid in selection of the optimal model for each data set. Better relative model fit was defined as (1) a lower Akaike information criterion (AIC; Akaike, 1987) ; (2) a lower Bayesian information criterion (BIC; Sclove, 1987) ; (3) a lower sample-size adjusted BIC; (4) a significant bootstrap likelihood ratio test (BLRT), suggesting the more complex model fits the data better than the model with fewer patterns; (5) higher entropy, an estimate of certainty of classification (ranging from 0 to 1); and (6) meaningfulness or interpretability of the classes. Mplus version 7.4 was used to estimate all RMLCAs with 1,000 random starts and 1,000 bootstrap draws for each likelihood ratio test.
After the optimal latent class solution was identified, we validated the classes by comparing them on the proportion of participants with maintenance of clinically significant weight loss for 1 year. Participants were classified as successful weight maintainers if they maintained a weight loss of 5% or more of their initial weight at the 6-and 18-month follow-ups. The BCH command within Mplus was used to conduct this analysis (Asparouhov & Muthen, 2014) . Finally, we used the R3STEP command in Mplus to conduct multinominal logistic regressions testing predictors of class membership. Sex, race/ethnicity, age, previous weight loss attempts, BMI at initial screening visit, and baseline scores on the PSS, PHQ-8, SF-36, and social support scales were examined. Table 1 presents the baseline characteristics for WLM and PREMIER participants included in this analysis. Although we did not test for significant differences, participants in WLM were older and had lower mental health composite and vitality scores on average than participants in PREMIER. Across both trials, the proportion of participants meeting each behavioral recommendation increased between baseline and 6-month follow-up but decreased between 6-and 18-month follow-ups (Table 2) .
Results
WLM Behavioral Adherence RMLCA
The model fit indices of the WLM class solutions are presented in Table 3 . The BIC, AIC, and sample-size adjusted BIC were not minimized, and the BLRT always suggested the model with one additional class. However, the six-and seven-class solutions appeared underidentified and had a low number of replications of the best log-likelihood despite 1,000 random starts. Based on these model fit indices, we examined the four-and five-class solutions. Similar classes emerged in these two models, but the fifth class could not be clearly interpreted given several borderline item-response probabilities. Thus, we selected the four-class model for interpretation and additional analysis.
Parameter estimates (latent class prevalence and itemresponse probabilities) for the four-class WLM model are presented in Table 4 . Class 1, Behavioral Maintainers, (n = 44, 14% of the sample) was characterized by low probabilities of meeting any of the behavioral recommendations at baseline, but moderate to high probabilities of meeting all recommendations at the 6-and 18-month follow-ups. Class 2, Nutrition Responders/Nonmaintainers, (n = 176, 17%) was characterized by low probabilities of meeting any recommendations at baseline, high probabilities of meeting nutrition-related recommendations at 6 months, and low probabilities of meeting any of the recommendations at 18 months. Class 3, Physical Activity Maintainers, (n = 199, 19%) maintained a high probability of meeting only the The recommendation to consume 9 or more servings of fruits and vegetables per day is based on the DASH diet. This cutoff was applied only to the Weight Loss Maintenance trial repeated measures latent class analysis. b The recommendation to consume 5 or more servings of fruits and vegetables per day is based on national recommendations. This cutoff was applied only to the PREMIER trial repeated measures latent class analysis due to the low number of participants meeting the recommendation for 9 or more servings each time point.
physical activity recommendation from baseline through the 18-month follow-up. The largest class, Nonresponders, (n = 513, 50%) had very low probabilities of meeting any of the recommendations at any time point. See Supplemental Table  S1 (available with the article online) for baseline characteristics of participants in WLM by latent class membership.
Approximately, 46% of participants in WLM met our criteria for long-term clinically significant weight loss maintenance. Rates of maintenance differed significantly across the four latent classes (χ 2 = 66.57, p < .001). A significantly higher proportion of Behavioral Maintainers (72%) maintained clinically significant weight loss compared with Nutrition Responders/Nonmaintainers (53%), Physical Activity Maintainers (52%), and Nonresponders (34%; Figure 1 ). Nutrition Responders/Nonmaintainers and Physical Activity Maintainers also had significantly higher rates of weight loss maintenance than Nonresponders.
PREMIER Behavioral Adherence RMLCA
PREMIER RMLCA model fit information and selection criteria are presented in Table 3 . While the AIC and sample-size adjusted BIC were not minimized, and the BLRT always suggested the model with one additional class, the BIC was minimized for the four-class model. Also, the five-and six-class solutions were considered underidentified due to poor replication of the maximum log-likelihood. Therefore, we selected the four-class model for interpretation and additional analysis.
Parameter estimates for the PREMIER four-class model are shown in Table 5 . Two classes were common to both the WLM and PREMIER trials (Class 1: Behavioral Maintainers and Class 4: Nonresponders) with some small differences; the other classes differed. Class 1, Behavioral Maintainers (n = 80, 16% of the sample), had moderate to high probabilities of meeting all the recommendations at each time point, including Model appeared to be underidentified and had poor replication of the best log-likelihood despite 1,000 random starts. Note. B = baseline; 6M = 6 months; 18M = 18 months.
at the baseline. Class 2, Responders/Fruit and Vegetable Maintainers Only (n = 106, 21%), had low probabilities of meeting any recommendation at baseline, moderate to high probabilities of meeting all recommendations at 6 months, but high probabilities only for meeting the fruit and vegetable recommendation at 18 months. Class 3, Fruit and Vegetable/ Physical Activity Maintainers (n = 111, 22%), was characterized by high probabilities of meeting only the fruit and vegetable and physical activity recommendations at every time point. Class 4, Nonresponders, was the largest class (n = 209, 41%) and was characterized by low probabilities of meeting any of the recommendations at any time point. See Supplemental Table  S2 (available with the article online) for baseline characteristics of participants in PREMIER by latent class membership. Twenty-eight percent of participants in PREMIER maintained clinically significant weight loss for 1 year following the intensive phase of the intervention; maintenance differed significantly across the four latent classes (χ 2 = 43.67, p < .001). As presented in Figure 2 , 51% of Behavioral Maintainers maintained clinically significant weight loss, a significantly higher proportion than Fruit and Vegetable/ Physical Activity Maintainers (30%) and Nonresponders (11%). Responders/Fruit and Vegetable Maintainers Only (40%) and Fruit and Vegetable/Physical Activity Maintainers also had significantly higher rates of maintaining clinically significant weight loss than Nonresponders.
Predictors of Behavioral Adherence Patterns
The following variables significantly predicted class membership in WLM based on multivariate likelihood ratio tests (−2LL): sex, race/ethnicity, age, BMI at screening, vitality, family exercise encouragement, and friend exercise encouragement (see Table 6 ). Black non-Hispanics compared with non-Blacks were less likely to be in the Nutrition Responders/ Nonmaintainers class and marginally less likely to be in the Physical Activity Maintainers class than in the Nonresponders class. Participants with lower BMI at the screening visit were more likely to be in the Behavioral Maintainers and Physical Activity Maintainers classes, whereas participants with higher BMI were marginally more likely to be in the Nutrition Responders/Nonmaintainers class than the Nonresponders class. Participants with higher vitality scores at baseline were marginally more likely to be in the Physical Activity Maintainers class than in the Nonresponders class. Participants with high encouragement from friends to exercise were more likely to be in the Nutrition Responders/Nonmaintainers and Physical Activity Maintainers classes than in the Nonresponders class. In PREMIER, sex, age, vitality, and treatment randomization (Established vs. Established + DASH) were significant predictors of class membership (see Table 7 ). Compared with men, women were less likely to be in the Behavioral Maintainers and the Fruit and Vegetable/Physical Activity Maintainers classes than in the Nonresponders class (Table 7) . Participants with high baseline vitality were more likely to be in the Behavioral Maintainers class than in the Nonresponders class.
Discussion
In two large-scale behavioral lifestyle intervention trials, we identified four distinct patterns of behavioral adherence to dietary and physical activity recommendations over 18 months. In both WLM and PREMIER trials, we identified latent classes of Behavioral Maintainers (participants who maintained high probabilities of meeting all recommendations at both 6 months and at 18 months) and Nonresponders (participants who had low probabilities of meeting any recommendations at any time point). In each trial, Behavioral Maintainers had the highest proportion of participants who maintained clinically significant weight loss over 1 year, while Nonresponders had the lowest proportion. These findings are consistent with previous studies that have demonstrated that maintaining adherence to multiple behavioral recommendations is associated with weight loss maintenance (Thomas, Bond, Phelan, Hill, & Wing, 2014) , reducing risk for diabetes (Lindstrom et al., 2006) , and cardiovascular disease events (Stampfer, Hu, Manson, Rimm, & Willett, 2000) . Interestingly, more than half of the participants in the Physical Activity Maintainers class in WLM and the Responders/Fruit and Vegetable Maintainers Only class in PREMIER also maintained clinically significant weight loss for 1 year. This suggests that maintaining adherence to a single behavior may be sufficient for maintaining clinically significant weight loss for some individuals. We also found that vitality was a significant predictor of latent class membership in both trials, indicating that participants with higher vitality scores at baseline are more likely to adhere to one or more behavioral recommendations in the long term.
Vitality is a psychological component of well-being consisting of the subjective feeling of enthusiasm, vigor, energy, and alertness (Swencionis et al., 2013) . Several behavioral lifestyle studies have demonstrated a significant relationship between an increase in vitality and weight loss (Hope, Kumanyika, Shults, & Holmes, 2010; Swencionis et al., 2013) . Our study suggests that vitality scores prior to the start of treatment may help determine who will adhere to multiple behavioral recommendations and could therefore inform treatment tailoring. Among participants with belowaverage vitality scores at baseline, a behavioral intervention grounded in self-determination theory could be ideal for increasing vitality and improving weight outcomes (Ryan & Deci, 2008) , but further research is needed.
Perhaps because of the larger sample size, we identified several additional significant predictors of latent class membership in WLM, including race/ethnicity, BMI at screening, and family and friend encouragement to exercise. Compared with non-Blacks, Black non-Hispanics were more likely to be in the Nonresponders class than in the other three classes, indicating a lower probability of adhering to one or more recommended behaviors. Further research is needed to examine barriers to adherence and determine if there are certain behaviors associated with weight loss and weight maintenance that Black non-Hispanics are more likely to adhere to in the long-term. Consistent with past literature, we found that participants with higher family and friend encouragement to exercise at baseline were more likely to maintain adherence to physical activity recommendations (Floegel et al., 2015) . Future behavioral intervention studies may consider using level of social support for exercise to inform treatment tailoring.
A surprisingly high proportion of participants in the Nutrition Responders/Nonmaintainers class (53%) in WLM maintained clinically significant weight loss. The existence of this class is consistent with the common weight regain trajectory seen in most behavioral lifestyle trials as frequency of intervention contacts are reduced (Knowler et al., 2009; Look AHEAD Research Group & Wing, 2010) . The Nutrition Responders/Nonmaintainers class reflects the need for regular assessment of behaviors during treatment to identify relapse early and to modify the treatment (e.g., continuing weekly or biweekly intervention contacts) to increase success of participants.
Conducting behavioral assessments throughout an intervention would also help identify Nonresponders earlier.
Nonresponders, who had very low probabilities of adhering to any of the behavioral recommendations throughout the study, made up approximately half of the participants in each trial. Given that so many participants were unable to meet any of the behavioral recommendations, even during the intensive intervention phase, suggests that the recommendations may have been inappropriately ambitious and did not account for possible disparities in access to healthy foods or safe environments to engage in physical activity. Although minimal, it should be noted that Nonresponders did make some behavioral changes that contributed to 30% in WLM and 15% in PREMIER achieving and maintaining clinically significant weight loss. A major objective for future research will be to determine whether different behavioral treatment approaches and patient-centered recommendations can improve long-term behavioral and weight outcomes among members of this class (Ma et al., 2015; Sherwood et al., 2016) .
Limitations
Differences in participant eligibility and data collection tools between WLM and PREMIER may have limited the similarity of latent classes and the predictors of class membership across trials. Participants in WLM were older and sicker than those in PREMIER. This may explain why there was a higher probability of meeting the behavioral recommendations even at baseline in PREMIER, particularly in the Behavioral Maintainers class. In addition, only participants from Phase 2 of WLM were included in these analyses. Participants had to lose at least 4 kg of their initial weight during Phase 1 to be randomized in Phase 2. For PREMIER, participants were included regardless of weight loss in the intensive intervention phase. Use of different cutoffs for the fruit and vegetable intake recommendation may have contributed to different fruit and vegetable-focused classes emerging in PREMIER (Responders/Fruit and Vegetable Maintainers Only and Fruit and Vegetable/Physical Activity Maintainers) that were not seen in WLM. However, when the fruits and vegetables cutoff of nine or more was used in PREMIER, the classes that emerged were uninterpretable. Of course, there are obvious limitations in the use of self-report measures for dietary intake in both trials (Dhurandhar et al., 2015) . However, 24-hour dietary recall and the Block Food Frequency Questionnaire were the most common measures of dietary intake in the field during the time these trials were conducted, which was more than a decade ago.
Another limitation of this study was that we did not examine weight change postintervention. However, the 6-and 18-month follow-ups occurred when the intervention contacts had been reduced from weekly to monthly or not at all (SelfDirected arm in WLM), which is when behavioral relapse and weight regain are more likely to happen. Thus, we were able to use RMLCA to identify subgroups of participants who maintained adherence to all or some recommendations during this difficult transition in treatment and relate it to their success in maintaining clinically significant weight loss.
Conclusions
Using RMLCA, we identified distinct patterns of long-term behavioral adherence in two large-scale randomized behavioral clinical trials. Adherence to single or multiple behavioral recommendations was significantly associated with maintenance of clinically significant weight loss. Patterns of long-term behavioral adherence were predicted by age, sex, and vitality score in both trials and by race/ ethnicity, BMI at screening, and social support for exercise in WLM. Our study demonstrates the potential of using behavior change instead of weight change as an indicator of treatment response. Focusing on behavior change provides the opportunity to compare and examine participants who adhere to a single behavior versus those who adhere to multiple behaviors, which has implications for future treatment development and tailoring. Additionally, treatment tailoring based on baseline scores on psychosocial measures could increase the number of people who benefit from behavioral lifestyle interventions and lead to more costeffective interventions. Further research is needed to replicate our findings, identify additional psychosocial predictors of long-term behavioral adherence, and explore how patterns and predictors of adherence vary across cultural and health contexts. 
